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(54) An antifungal and antibacter- 
ial agent 

(57) An antifungal and antibacterial 
agent includes poly(p-hydroxystyr- 
ene), a derivative of said poly(p- 
hydroxystyrene), or a salt thereof as 
an effective ingredient. A preferred 
effective ingredient is a polymer 
having a polymeric unit represented 
by the formula (I) 



CH-CH:; 



wherein X and X' are each hydro- 
gen, halogen, or -S0 3 H, Y is hy- 
drogen, residue of an alcohol ex- 



cept for the -OH group, or residue 
of an organic or inorganic acid ex- 
cept for the -OH group, or a salt 
thereof. The agent may be incorpo- 
rated in such materials as wood, 
pulp, white water from pulp-making 
machines, bamboo, rush, polymers, 
water-soluble metal working and 
quenching oils and water-soluble 
hydraulic fluid, paint, adhesive, 
glue, starch, sizing agents, hides, 
leather, food, medicine and cosmet- 
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SPECIFICATION 
An antifungal and antibacterial agent 



20 



6 T^^S^S^^-^^^r 

things, such as foods, medipines. wooo, fh- soluble cutting oil and water 

■mmmmmm 

fully satisfying these critena has bean M able . in_ ^•J"^™^ '°V de of compounds of km 
EZEr*2-K ^na^^aSu^f^^V. such properties accentuate 

having a slightly higher molecule^ ™J« ^ "^n.^ wd ISlict.rlal effects are 
25 E^n^^^ » 

30 e«tXt«» 30 
^n^aSa^^ 

poly(p-hydroxystyrene) per se, a P 0 ^^^^"!/^^-, group of which is etherized or 
hydroxystyrene) which has a polymeric unit represented by formula (I) 

40 

40 <jH- CH 2 

45 °" Y 

.p^tra^ 

used in this invention include 5! 

55 

'f^y C00 ". QT . CH 3 C00-, CHj-. CCH 3 ) s C0- groups, 

6 

60 which are derived from a radical polymerization initiator (e.g.. benzoyl peroxide, acetoy. 
peroxide, tert-butyl hydroperoxide ), 
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which are derived from p-hydroxystyrene as a monomer, a residue of a solvent except for the 
10 hydrogen atom (e.g.. 



0 



groups, wherein R is hydrogen or an alkyl group having 1 to 10 carbon atoms, etc.) which is 
derived from a reaction solvent. 

The polymer may be a homopolymer or a copolymer, which may be a linear copolymer or 
20 graft copolymer or may have a crosslinked three-dimensional network structure. The antifungal 
and antibacterial agent of this invention may be represented by the formula {!') 



30 



CH-CH, 



wherein X, X' and Y are the same as defined above, b is 0 or a positive number, D is a 
comonomer, and n is the degree of polymerization) or a salt thereof. In the formula (I'). n is 
more than about 12, preferably more than about 16. The reason b or n is not defined to be an 

35 integer is that a polymer is intrinsically a mixture and that it is better understood by defining its 
average structure rather than the individual constituent molecules. 

The halogens X and X' in formulae (I) and (I') can include bromine, iodine, chlorine, and 
fluorine. Examples of Y include hydrogen; residue of an alcohol except for the -OH group such 
as an alkyl group, an aromatic substituted alkyl group, -(RjO^H group, wherein R, is an 

40 alkylene group having two or more carbon atoms, and m is an integer of at least one; and 
residue of an organic or inorganic acid except for the -OH group such as 

0 

45 -C-R 2 group, 

wherein R 2 is hydrogen, an alkyl group, a halogen-substituted alkyl group, an aromatic group, 
-(CH a ) P C00H group, wherein p is O or an integer of at least one. 



© 
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- S -R 3 groups, 
II 
O 



wherein R, is an aromatic group. The alkyl group as Y preferably has from 1 to 9, and 
particularly preferably from 1 to 3, carbon atoms, and examples of the alkyl group include 

1 5 methyl, ethyl, propyl, butyl, pentyl, hexyl and octyl. The aromatic-substituted a kyl group as Y i 
preferably has from 7 to 10 carbon atoms, and examples of the aromatic-substituted alkyl group 
include benzyl, 2-phenylethyl, and 3-phenylpropyl. The oxyalkylene group R,0 preferably has 
from 2 to 4 carbon atoms, and examples thereof include oxyethylene, oxypropylene, and 
oxybutylene. The symbol m is preferably from 1 to 20, and particularly preferably from 1 to 10. r 

20 The alkyl group and halogen substituted alkyl group as R 2 preferably have from 1 to 17, and ^ 
particularly preferably from 1 to 4 carbon atoms, and examples of which include methyl, ethyl, 
propyl, trichloromethyl, monochloromethyl, butyl, pentyl, hexyl, octyl, nonyl, decyl, and 
dodecyl. The aromatic group as R 2 preferably has from 6 to 8 carbon atoms, and examples of 
which are phenyl, tolyl, and xylyl. The symbol p is preferably 0 or 1 to 8, particularly preferably r 

25 0 or 1 to 4. The aromatic group as R 3 preferably has from 6 to 10 carbon atoms, and examples < 
there of include phenyl, tolyl, xylyl, propylphenyl and butylphenyl. The comonomer used for D 
according to formula (I') may be any compound, provided that the polymer contains at least 
about 30 wt% of the hydroxystyrene unit. When X and/or X' are -S0 3 H and Y is hydrogen, 

30 -(R.O) m H, _C0(CH 2 -) — COOH, * 
P 

O OH 

II / : 

35 - P 

\ 

OH 

S OH 
40 || / 

- P 

\ 

OH 

45 or 

O 

II 

- S -OH, the 
50 || 

0 

polymer contains active hydrogen, and reacts with an alkaline substance to form a salt, and the 
resulting salt also has antifungal and antibacterial effects. Examples of the alkaline substance 

55 that reacts with the polymer to form a salt include alkali metal hydroxides and alkaline earth 
metal hydroxides, such as sodium hydroxide, potassium hydroxide, lithium hydroxide, calcium 
hydroxide, magnesium hydroxide and barium hydroxide, and ammonia water. The polymer 
according to this invention, that is, poly{p-hydroxystyrene), its derivative or a salt thereof has a 
weight average molecular weight of at least about 1 500, and preferably from about 2,000 to 

60 5 000 000. A polymer having too low a molecular weight is volatile and unsuitable for use as 
an active ingredient of the antifungal and antibacterial agent of this invention. 

The polymer described above can be prepared by known methods generally used in the 
reactions of phenols. Examples of the method or preparing p-hydroxystyrene polymers are 
described in Japanese Patent Application (OPI) Nos. 13894/78 1 (the term , "OPT as i used herein 

65 means an unexamined published Japanese patent application), 109097/76, 52594/78, 



4 
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22187/73, 23193/77. 58087/77. and 105389/76. Poly(p-hydroxystyrene) can be prepared 
by cationic, radical or thermal polymerization of p-hydroxystyrene, and polymers having a weight 
average molecular weight of from several hundred to about 350.000 can be easily prepared by 
properly selecting the polymerization conditions. A polymer having a molecular weight greater 
5 than 350,000 can be produced by radical polymerization of p-methoxystyrene or p-acyloxystyr- 
ene such as p-acetoxystyrene, followed by hydrolysis with acid or alkali. The p-hydroxystyrene - 
polymer used in this invention may be a copolymer of p-hydroxystyrene. p-methoxystyrene or p- 
acyloxystyrene with another vinyl monomer. Such copolymer can be produced by radical or 
cationic polymerization. Examples of the comonomer that can be copolymerized with p- 

10 hydroxystyrene, p-methoxystyrene or p-acyloxystyrene include styrene, acrylonitrile. maleic 
anhydride, acrylic acid, methacrylic acid, aery lam ide, acrylic ester, and methacrylic ester. A 
polymer having a cross-linked three-dimensional network structure can be prepared by copolym- 
erizing p-hydroxystyrene, p-methoxystyrene or p-acyloxystyrene with a polyene compound such 
as divinylbenzene. butadiene, isoprene, cyclopentadiene, diol ester of acrylic acid, diol ester of 

1 5 methacrylic acid and ethylidene norbornene. 

Polymers wherein p-acyloxystyrene or p-hydroxystyrene is grafed onto a hydrocarbon polymer 
can be produced by irradiating a hydrocarbon polymer such as polyethylene, polypropylene or 
polystyrene with ionizing radiation, followed by immersing the irradiated polymer in a solution 
containing p-acyloxystyrene or p-hydroxystyrene. The graft type polymers are described in 

20 Japanese Patent Publication Nos. 31234/77 and 31235/77. : 
The nucleus of the p-hydroxystyrene polymer can be substituted by a halogen by a known 
method, for instance, the method described in Japanese Patent Publication No. 33680/77. A 
p-hydroxystyrene polymer the nucleus of which is sulfonated is described in, say, Japanese 
Patent Application (OPI) No. 109097/76 according to which, a p-hydroxystyrene polymer is 

25 dissolved in a solvent such as acetic acid and treated with a sulfonating agent such as sulfuric 2 
anhydride at from 20°C to 60"C. 

An ether of p-hydroxystyrene polymer wherein Y is methyl can be readily obtained by treating 
a solution of the polymer in a solvent (e.g., tetrahydrofuran) with diazomethane at room 
temperature. An ether of p-hydroxystyrene polymer wherein Y is alkyl or aromatic substituted 

30 alkyl is prepared by first treating a solution of the polymer in a solvent (e.g., dioxane) with 3 
aqueous sodium hydroxide to form a salt wherein Y is Na and then by reacting the salt with a 
halogenated hydrocarbon such as alkyl iodide, alkyl bromide, or benzyl iodide at 50*C to 1 50°C 
(the Williamson process). An ether of p-hydroxystyrene polymer wherein Y is -R,0) m H can be 
obtained by treating a solution of the polymer in a solvent (e.g., dioxane) with an alkylene oxide 

35 (e.g., ethylene oxide, propylene oxide, or butylene oxide) in the presence of an alkali catalyst at 3 
from 50*C to 1 50*C. 

■ An ester of p-hydroxystyrene polymer wherein Y is 



can be obtained by first treating a solution of the polymer in a solvent (e.g., dioxane) with 
sodium hydroxide to form a salt wherein Y is Na and then by reacting the salt with an acid 
45 anhydride or acid chloride of mono- or dicarboxylic acid at from O'C to 1 50°C. Examples of the 
carboxylic acid include formic acid, acetic acid, trichloroactic acid, propionic acid, butyric acid, 
pivalic acid, stearic acid, lauric acid, oxalic acid, malonic acid, succinic acid, glutaric acid, adipic 
acid, sebacic acid, benzoic acid, and phthalic acid. Derivatives of a poly(p-hydroxystyrene) 
wherein Y is 

50 

O OH 

II / I 



S OH 
60 ||/ 



65 are described in Japanese Patent Application (OPI) No. 52594/78. A derivative of poly(p- 
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hydroxystyrene) wherein Y is 



- S -OH 



1 

can be prepared by treating a solution of the polymer in a solvent (e.g., dioxane) with aqueous 
10 'sodium hydroxide to form a sodium salt which is then treated with chlorosulfonic acid at from 
0°C to 100*C. An ester of poly(p-hydroxystyrene) wherein Y is 

O 

II 

15 - S -R 3 



can be prepared by treating a solution of the polymer in a solvent (e.g., tetrahydrofuran) with 
20 sodium hydroxide to form a salt wherein Y is Na and then by reacting the salt with an acid 
chloride of aryl sulfonic acid such as benzenesulfonyl chloride or p-toluenesulfonyl chloride at 
from O'C to 150'C. As described above, these polymers react with an alkaline substance to 
form a salt when X, X', or Y contain active hydrogen. The method of forming the salt is 
described in Japanese Patent Application (OPI) No. 52594/78, etc. 
25 Typical examples of poly(p-hydroxystyrene), its derivatives and salts thereof are identified in 
Table 1 below. The structure of these polymers was identified by I R and N MR spectrum 
analysis, and their weight average molecular weights were determined by gel-permeation 
chromatography. 



innnini :ti innra i 
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Structural Formula 



Molecular 
Weight 
CMw) 



Elemental 
Analysis - 
Wtt Found 
(Calculated) 



IR Adsorption 
Frequency 
(cm' 1 ) 



4.000 C: 79.8 (80.0) 
H: 6.61 (6.67) 



3400S 
1S20S 
1240S 
830S 



C: 68.5 (67.6) 
H: 4.88 (4.93) 
Na:16.0 (16.2) 



No. 3 -^—CH-CH^ 1 — 
k OK 



S.000 K: 24.8 (24.7) 



C: 65.1 (65.7) 



1510S 
11S0S 
850S 



Table 1 fcontinued) 



6,100 



C: 42.8 (43.2) 

H: 3.11 (3. IS) 

S: 13.9 (14.4) 

Na:10.S (10.4) 



GB 2 07 2 508 A 7 



1500M 
1240S 
830M 



6-C 2 H 4 OH 



C: 73.6 (73.2) 
H: 7.16 (7.32) 



3400S 
1500S 
1220S 
830M 



0~ Br l.! 
L OH -Jn 



C: 39.6 (40.3) 
H: 2.65 (2.73) 
Br:S0.0 (SO. 3) 



3S00S 
1480S 
1160S 
870M 
740S 



— CH-CH 2 — 

OH J n 



C: 39.9 (39.0) 
H: 2.91 (2. 85) 
I: 51. 9 (51.6) 



3S00S 
1490S 
820M 
730S 



CH-CH 2 - 



Br:46.4 (46.1) 
Na:8.80 (8.83) 



8 
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-CH — CH$— CH— CH-4- 9,500 



C: 65. 1 (66.1) 
H: 4.62 (4.S9) 



34S0S 
1780S 
1S20S 
1220S 
S30M 



No. 11 Polyethylene on which 1 : 
p -hydroxys tyrene is 
grafted 

No. 12 -j^GH-CH 2 ^- 2, 



C: 81.8 (81.1) 
H: 8.00 (8.11) 



C: SS.8 (SS.9) 
H: 3.61 (3.78) 
Cl:30.2 (31.0) 



3400S 
1S20S 
1240S 
830S 
720S 

3500S 
1480S 
1100S 
8S0M 
760S 



-CH-CH 2 

(P-< S0 3 H >1.7 



C: 38.2 (37. S) 
H: 3.06 (3.13) 
S: 21.5 (21.3) 



3330S 
14S0S 
11S0S 
810M 



— CH-CH 



(S0 3 Na) 1 7 



S: 16.7 (17.2) 
Na:19.8 (19.7) 



i 
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9 

O-CH, Ja 



Table 1 (continued) 

1,900 C: 80.4 (80.6) 
H: 7.38 (7.46) 



1S10S 
1240S 
830M 



-CH 2 CH 2 CH 3 ^n 



2,200 C: 81.7 (81.5) 
K: 8.83 (8.64) 



1S10S 
1240S 
830M 



1,800 C: 71.9 (73.0) 
H: 5.52 (S.41) 



17S0S 
ISOOM 
1240S 
830S 



CH-CH 2 — 



0 — C — CH, J i 



2,000 C: 73.6 (74.1) 
H: 6.22 (6.17) 



17S0S 
1500M 
1240S 
830S 



-CH-CH 2 

0 — C — COOH 



2,500 C: 62.9 (62.5) 
H: 4.06 (4.17) 



17S0S 
1710M 
1S10M 
1220M 
840M 



- 3,000 C: 65. 9 (66.7) 
H: 6.04 (5.98) 



- C — (CH,) s COOH 



17S0S 
1710M 
1S10S 
1220M 
830M 



10 
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T-l 



(CH,)-C00Na 



Table 1 (continued) 
3,200 Na:8.96 (8.98) 



o 



C: 48.7 (48.0) 
H: 4.44 (4. SO) 
P: 15.1 (1S.S) 



3400S 
1S10M 
1220S 
9 70S 
830H 



— CH-CH 2 - 



P: 11.0 (11.2) 
K: 28.2 (28.3) 



— CH-CH 2 - 



C: 43.2 (44.4) 

H: 4.14 (4.17) 

P: 13.9 (14.4) 

S: 13.7 (14.8) 



3400S 
1S20S 
1240S 
970W 
830S 



80.0 (80.4) 
S.41 (S.36) 



1730S 
1S10M 
1200M 
830M 



9-"., 

0— CH- 



C: 42.1 (42.8) 
H: 3.29 (3.37) 
Br:48.1 (47. S) 



1480S 
1160S 
870M 
740S 



© 
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Table 1 (continued) 

14,000 C: 49.8 (SO.S) 
H: 4.73 (4.67) 
S: 14.5 (1S.0) 



3400S 
1S00S 
1240S 
U60S 
830M 



C: 42. S (42. S) 
H: 3.88 (3.72) 
Br:41.7 (42. S) 



3400S 
1480S 
1220S 
870M 
740M 



CH-CH 2 - 



C: 41.9 (42.8) 
H: 2.99 (3.03) 
Br:42.0 (4Z.8) 



17S0S 
1480S 
1160S 
870M 
740S 



— CH-CH. 



C: 30.6 (30.1) 

H: 2.41 (2.35) 

Br:37.9 (37.7) 

P: 9.61 (9.73) 



3400S 
1SO0S 
1210S 
830M 
740S 



— CH-CH. 



SO.H 
) 3 
S — OH 



C: 33.3 (34.3) 
H: 2.84 (2.86) 
S: 20.9 (22.9) 



3400S 
1S1SM 
1170S 
830M 
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No. 32 Copolymer of 

p-hydroxy styrene 

and styrene 

(mol. ratio-0.70:( 



No. 33 Copolymer of 

p-hydroxystyrene 
and acrylonitrile 



No. 3 5 Copolymer of 

p- ace toxy styrene 
and divinylbenzen 



No. 36 Copolymer of 

p-acetoxystyrene 
and butadiene 



^ OH y 
— CH-CH,— 



6,500 






(83.3) 






7 $ 17 


(6.94) 


30) 








7,300 


C: 


77.1 


(77.8) 




H: 


6. S3 


(6.48) 


34) 


N: 


4.84 


(4.90) 


6,000 




Viz 










(^io) 


3S) 








>1 x 10 4 


C: 


79.4 


(77.1) 




H: 


6.61 


(6.43) 


20) 








>1 x 10* 


C: 


77.2 


(75. 0) 




H: 


6.68 


(6.49) 


17) 








2.3" x 10 S 


C: 


47.7 


(48.2) 




H: 


3.46 


(3.S2) 




Br 


40.0 


(40.2) 


4.S x 10 6 


C: 


48. S 


(48.2) 




H: 


3.64 


(3. 52) 




Br 


39. S 


(40.2) 



3400S 
1520S 
1240S 
830S 



3400S 
2230M 
1S10S 
1215S 
830S 



3400S 
1710S 
1S20S 
1240S 
830S 



17S0S 
1S00M 
1240S 
830S 



..17S0S 
1S10M 
1240S 
840S 



3S00S 
1S00S 
1180S 
820S 
740M 



3500S 
1S00S 
11S0S 
S30S 
740M 
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-CH-CH= 
OCH, 



Table (continued) 

2.0 x 10 S C: 64.5 (64.1) 

K: S.38 (S.34) 

Cl:20.7 (21.1) 



1480S 
1240S 
8S0M 
760S 



10 No. 40 4— CH-CHp- 



,500 C: 70.1 (69.6) 
H: 5.01 (5.07) 
F: 13.0 (13.8) 



3500S 
1500S 
1200S 
820M 
770S 



No. 41 -f— CH-CH,— 

6 



O — (C 3 H 6 0) s H, 



:,500 C: 66.8 (67.3) 
H: 9.26 (9.27) 



3400S 
1500S 
1100S 
820M 



No. 42 -f- CH-CHj- 

6 



',000 C: 85.3 (85.7) 
H: 6.66 (6.63) 



1S00S . 
1200M 
1100S 
820M 



No. 4 3 -f^-CH-CH 2 - 



A-i-cci, 



8,600 C: 44.9 (45.2) 
H: 2.70 (2.64) 
Cl:39.7 (40.1) 



17S0S 
1S10M 
1240S 
830M 



14 
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Notes: (1) The symbol n represents the degree of polymerization. 

(2) The nuclear substituent in compounds Nos. 7, 9, 12, 13, 14, 26. 28, 29 and 30 was in 
orthoposition with respect to the hydroxy or substituted-hydroxy group. 

(3) Compound No. 1 1 was prepared by grafting 1 00% p-acetoxystyrene onto a polyethylene 

5 film (200 microns thick) obtained by low pressure polymerization process by means of 5 
irradiation with ionizing radiation, followed by hydrolysis of the acetoxy group. 

(4) IR absorption frequency refers to characteristic absorptions, with S, M and W represent-' 
ing strong, medium and weak absorptions, respectively. 

The poly(p-hydroxystyrene), its derivatives and salts thereof contained as effective ingredients 
10 in the antifungal and antibacterial agent of this invention are incorporated in materials in which ' 10 
they are used either directly or after being dispersed in a carrier or dissolved in a solvent. 
Conventional methods of incorporation can be used, including coating, spraying, kneading, 
immersion and hot spraying. The polymer can be incorporated in liquids simply by mixing. 
Examples of the material to which the antifungal and antibacterial agent according to this 
1 5 invention can be applied include wood, pulp, white water from paper making machines. 1 5 

bamboo, rush, polymeric substances such as plastics, water-soluble metal working oil, water- 
soluble hydraulic fluid, water-soluble quenching oil, paints, adhesives, glue, starch, sizing agent, 
hides and leather, foods, medicines, and cosmetics. The antifungal and antibacterial agent is 
generally incorporated in these materials in such an amount that the polymer constituting the 
20 effective ingredient is present at a concentration of from about 0.5 to 10,000 ppm (by weight). 20 
The poly(p-hydroxystyrene), its derivatives or salts thereof used in this invention are unique iri 
that unlike conventional antifungal and antibacterial agents, they exhibit antibacterial and 
antifungal effect without volatilizing and present little or no toxicity to the human body. A group 
of mice administered poly(p-hydroxystyrene) did not change greatly in their general conditions 
25 and their internal organs did not exhibit any abnormal conditions when it was administered 25 
orally in a single dose (1000 mg/kg), or in divided portions (500 mg/kg X 7 for 14 days, i.e.. 
500 mg/kg per two days X 7), or administered subcutaneously (10 g/kg). Another group of 
mice administered a derivative of poly(p-hydroxystyrene) wherein the nucleus was brominated 
did not change greatly in their general conditions or their internal organs did not exhibit any 
30 abnormal conditions, when it was administered orally in divided portions (500 mg/kg per day 30 
for 1 5 days). Because of this low toxicity, it is practically impossible for animals to be 
administered a lethal dose of the polymer according to this invention. 

The poly(p-hydroxystyrene), its derivatives and salts thereof do not sublime, and they are free 
from blooming or bleeding in which their vapor crystallizes and condenses in a closed container 
35 or migrates to the surface of a material in which they are incorporated. Therefore, they do not 35 
cause any harm to a lens, shutter, and other parts in precision instruments such as a camera or 
microscope. Since they have virtually no vapor pressure and do not sublime, they can be used 
with advantage for preventing the growth of fungi on films that need extended storage. Paint, 
wall paper and synthetic leather containing the polymer according to this invention are protected 
40 from mold attack, and wood impregnated therewith is protected against fungal growth. Other 40 
characteristics of the poly(p-hydroxystyrene), its derivatives and salts thereof are: they do not 
reduce electrical properties (i.e., dielectric breakdown resistance (BDV), and volume resistance 
(IR)); they do not corrode metals; they do not impair the appearance or characteristics of natural 
or synthetic fibers, hides and leather, and paper. Because of these advantages, the polymer 
45 according to this invention can find numerous uses. 45 
This invention is now described in greater detail by reference to the following examples and 
comparative example, which are provided here for illustrative purposes only, and are not 
intended to limit the scope of the invention. 

50 Example 1 50 
Compounds Nos. 1 to 1 1 noted in Table 1 were diluted in ethanol. and 1 ml of each ethanol 
dilution was injected into plate culture media having the final concentrations of 1 000 ug/ml 
500 /tg/ml 250 /zg/ml, 100 jig/ml, 50 /tg/ml. 25 jig/ml and 10 ng/ml. Test microorganisms 

cc ^l' 6 trans P ,anted to the media, where bacteria were cultured at 37*C for 48 hours, and fungi at 

55 25 C for 7 days, for determination of the minimum inhibitory concentration (MIC) (in fig/m\) of' 55 
each compound. The media for cultivation of bacteria consisting of a common agar culture 
medium of Eiken-sha, Japan (0.05 g of meat extract, 0.1 g of peptone, 0.05 g of sodium 
chloride, 0. 1 5 g of agar, and 1 0 ml of purified water, pH = 7). Those for cultivation of fungi 
consisted of Sabouraud culture medium (0.3 g of glucose, 0.1 g of peptone, 0.1 5 g of agar, 

60 and 10 ml of purified water, pH = 6.5). The results are shown in Table 2 below 60 
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Example 2 

Mice were administered orally with a single dose of compound Nos. 1 to 1 1 of this invention 
for determination of the lethal dose LD50. The results are shown in Table 3 below. 



Table 3 


Sample 


Lethal Dose LD50 (g/kg) 


No. 1 


>15 


No. 2 


>15 


No. 3 


>15 


No. 4 


10 


No. 5 


>15 


No. 6 


10 


No. 7 


1 


No. 8 


2 


No. 9 


2 


No. 10 


10 


No. 11 


>15 



20 20 

Example 3 

The procedure of Example 1 was repeated using compound Nos. 1 2 to 43 of this invention 
for determination of their MIC. The test microorganisms were Escherichia coli NIHJ, Penicillium 
25 chrysogenum and Asperigillus niger ATCC-6275. and each compound was used in concentra- 25 
tions of 50, 100 and 250 /ig/ml. The results are shown in Table 4. 

Example 4 

Mice were administered orally in single doses of 0.5 g/kg, 2 g/kg, and 5 g/kg, compound 
30 Nos. 1 2 to 43 in the same manner as in Example 2. The lethal doses LD50 of the respective 30 
compounds are shown in Table 4. 
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MIC (/xg/ml) 


Lethal 


5 S Die 


E.C. 


P.C. 


A.N. 


(gAg) 


N 12 


50 


1 


RO 


5 


„ ' 


50 


1 nn 


>5 


M U 


50 




oU 


>5 


1 U No.' 1 5 


50 


50 




5 






50 




5 


M° 17 


50 


1 00 




5 


m° in 


50 




1 nn 


>5 


M 1Q 






i nn 


>5 


»| 0 ' Ort 

1 5 No. 20 


^ RO 




1 nn 
100 


>5 




1 00 


250 




>5 




50 


50 




2 


M 9"3 




50 




2 


N 24 


50 






2 


in hin ok 

INO. <£D 


50 


no 




>5 




50 


en 
oO 




0.5 


M° 97 


1 00 




1 nn 


>5 


M 9fl 


50 




50 


2 


No 29 


50 




50 


2 


25 No. 30 


50 




50 


0.5 


No. 31 


50 




100 


>5 


No. 32 


250 


250 




>5 


No. 33 


50 


100 




>5 


No. 34 


100 


250 




>5 


30 No. 35 


50 


100 




>5 


No. 36 


50 


100 




>5 


No. 37 


50 




50 


2 


No. 38 


50 




50 


5 


No. 39 


50 




50 




35 No. 40 


100 




50 


5 


No. 41 


100 


250 




>5 


No. 42 


50 


50 




5 


No. 43 


50 


50 




5 



40 Notes: E.C: Escherichia coli NIHJ 

P.C: Penicillium chrysogenum 
A.N.: Aspergillus niger ATCC-6275 

The absence of MIC values means that the samples were not 

tested. , 

45 

Comparative Example 1 

F 0 r comparison, the MIC of a phenolic novolak resin (m.w. = 500) prepared by reacting p- 
cresol and formaldehyde in the presence of an acid catalyst was determined to be 1 500 fig/ml 
against Escherichia coli NIHJ and 2000 jug/ml against Aspergillus niger ATCC-6275. 

50 

& Ates?was conducted to determine the effectiveness of the antifungal and antibacterial agent 
of this invention when it was applied to walls: a mixture of 500 ppm of compound No. 1 with 
an acrylic emulsion paint (composed of 1 5% polyacrylate. 5.4% rutile titanium dioxide. 12% 

55 aluminum silicate, 50% water, and the balance thickener, dispersant. and defoammg agent) was 
applied to a test piece and left to stand at 35°C and 80% relative humidity. Even after 6 
months, no mold grew on the treated surface of the test piece. No mold grew on the surface of 
a test piece which was treated with compound No. 7 in the same manner. When a test piece 
was treated with the acrylic emulsion paint that did not contain the effective ingredient of this 

60 invention, mold appeared on the treated surface after one month. 

^T^a'sample of white water from the paper making machine in a paper mill, 250 ppm of 
compound No. 1 of this invention was added, and the mixture was held at 35 C. Little fungal 
65 growth (a few colonies/ml) was observed even after 5 days of storage. The same test was 
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conducted with compound No. 7 and little fungal growth was observed. However, when the 
white water did not contain the effective ingredient of this invention, much mold (1 X 10 s 
colonies/ml) appeared in only 2 days. 

5 CLAIMS 

1 . An antifungal and antibacterial agent including as an effective ingredient poly(p- 
hydroxystyrene), a derivative of said poly(p-hydroxystyrene), or a salt thereof, each having a 
molecular weight of at least about 1 500. 

2. An antifungal and antibacterial agent according to Claim 1 wherein the effective 

1 0 ingredient is a poly(p-hydroxystyrene) or its derivative, each comprising at least 1 2 polymeric 
units represented by formula (I) 




wherein X and X' are each hydrogen, halogen, or -S0 3 H, Y is hydrogen, residue of an alcohol 
except for the -OH group, or residue of an organic or inorganic acid except for the -OH group, 
or a salt thereof. 

i 3. An antifungal and antibacterial agent according to Claim 2 wherein Y is: hydrogen; an 
alkyl group; and aromatic substituted alkyl group; -(RjOLH, wherein R, is an alkylene group 
having two or more carbon atoms, and m is an integer of at least 1 ; and 



wherein R 2 is hydrogen, an alkyl group, a halogen substituted alkyl group, an aromatic group, 
or -(CH 2 ) p COOH, wherein p is 0 or an integer of at least 1 ; 



O OH 

II/ 



S OH 
II / 



60 



wherein R 3 is an aromatic group, 

4. An antifungal and antibacterial agent according to Claim 2 or 3 wherein the poly(p- . 
hydroxystyrene), or derivative thereof is a copolymer of p-hydroxystyrene or a derivative thereof 
65 and another vinyl r 
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5 An antifungal and antibacterial agent according to Claim 2 or 3 wherein the p- 
hydroxystyrerle its derivative, or a salt thereof comprises at least 1 6 polymenc un,ts represented 

by 6 f ° r Anantifungal and antibacterial agent according to Claim 2 or 3 wherein the , polyjp- 
5 hydroxystyrene). its derivative, or a salt thereof has a molecular we ig ht of from 2,000 to 

' 5 '7°° An antifungal and antibacterial agent according to Claim 2 wherein the effective 
"^An *nt£^ agent according to Claim 2 wherein the effective 

10 ingredient is an alkali metal salt of poly(p-hydroxystyrene). 

9 An antifungal and antibacterial agent according to Cla.m 2 where.ni he 
ingredient is poly(p-hydroxystyrene) halogenated at at least one position ortho- to the hydroxy 

gr °w' An antifungal and antibacterial agent according to Claim 2 wherein the effective 
1 5 ingredient is an alkali metal salt of poly(p-hydroxystyrene) halogenated at at least one position 

° n u. ^n h an h &Va r nd UP antibacteria. agent according to Claim 2 wherein the effective 
inaredient is a copolymer of p-hydroxystyrene and maleic anhydride. 
9 1 2 An antifungal and antibacterial agent according to Claim 2 wherein the effective 
20 ingredient is polyethylene on which p-hydroxystyrene is grafted. „„ a „ til/a 
1 3 An antifungal and antibacterial agent according to Cla.m 2 wherein the effective 

^"Jffi'ra^l agent according to Claim 2 wherein the effective 

25 '^l 5 die A Van P £^ agent according to Cairn 2 wherein the effective 

ingredient is poly"p-hydroxy S tyrene) sulfonated at at least one position ortho- to the hydroxy 

Sr °1 6 P ' An antifungal and antibacterial agent according to Claim 2 wherein the effective 
ingredient is an alkali metal salt of poly(p-hydroxystyrene) sulfonated at at least one pos.t.on 

30 ortho- ^a^^^ib^rta. agent according to Cairn 2 wherein the effective 
ingredient is a polymer having a repeating unit of formula (II) 



1 8. An antifungal and antibacterial agent according to Claim 2 wherein the effective 
ingredient is a polymer having a repeating unit of formula (III) 



■CH-CH 2 — 

CI") 



0 _ | — ONa 
0 

' 1 9. An antifungal and antibacterial agent according to Claim 2 wherein the effective 
ingredient is a polymer having a repeating unit of formula (IV) 



20 
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10 20. An antifungal and antibacterial agent according to Claim 2 wherein the effective 10 
ingredient is a polymer having a repeating unit of formula (V) 




0-C 2 H 4 0H 



20 20 

21 . A material containing an antifungal and antibacterial agent including as an effective 
ingredient poly(p-hydroxystyrene) / a derivative of said poly(p-hydroxystyrene), or a salt thereof, 
each having a molecular weight of at least about 1 500. 

22. A material as in Claim 21 wherein the effective ingredient is a poly(p-hydroxystyrene) or 

25 its derivative, each comprising at least 1 2 polymeric units represented by formula (I) 25 



CH-CHs— 



35 

wherein X and X' are each hydrogen, halogen, or -S0 3 H, Y is hydrogen, residue of an alcohol 
except for the -OH group, or residue of an organic or inorganic acids except for the -OH group, 
or a salt thereof. 

23. A material as in Claim 22 wherein Y is: hydrogen; an alkyl group; an aromatic 
40 substituted alkyl group; -{R,0) m H, wherein R, is an atkylene group having two or more carbon 
atoms, and m is an integer of at least 1 ; and 

0 
II 

45 - C -R 2 , 

wherein R 2 is hydrogen, an alkyl group, a halogen substituted alkyl group, an aromatic group, 
or -(CH 2 ) p COOH, wherein p is 0 or an integer of at least 1 ; 

50 0 OH 

II / 

-\ ; 

OH 

55 

S OH 
II / 
- P ' 

60 N OH 
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- S -OH; 
0 



O 

" II 

- s - 



1 5 wherein R 3 is an aromatic group. . 

24 A material according to Claim 21, 22 or 23, wherein the material selected from the 
group consisting of wood, pulp, white water from paper making machines, bamboo, rush, 
polymeric substances, water-soluble metal working oil, water-soluble hydraulic fluid, water- 
soluble quenching oil, paint, adhesive, glue, starch, sizing agent, hides and leather, food, 

20 medicine, and a cosmetic. 

25. A material as in Claim 21 , 22, or 23, wherein the effective ingredient is present in a 
concentration of from 0.5 to 10,000 ppm. 

26. A material as in Claims 21, 24, wherein the effective ingredient is present in a 
concentration of from 0.5 to 10,000 ppm. 

25 27 A method of protecting a material against fungi and bacteria comprising the step of 

applying thereto an antifungal and antibacterial agent including as an effective ingredient poly(p- 
hydroxystyrene), a derivative of said poly(p-hydroxystyrene), or a salt thereof, each having a 
molecular weight of at least about 1 500. . 

28. An antifungal and antibacterial agent as claimed in Claim 1 substantially as hereinbefore 
30 described. , . , , . 

29 A method as claimed in Claim 27 of protecting a material against fungi and bacteria 
substantially as hereinbefore described with reference to Example 5 or Example 6. 

30. A material protected against fungi and bacteria by a method as claimed in Claim 2.1 ox 
Claim 29. 

ch copies may be obtained. 



